It has been known for some time that continuous tent, upon assumptions regarding the storage of intravenous infusion of sulfo-bromophthalein-so-the dye in tissues supplied by the splanchnic irdium (referred to below as BSP) in dogs as well culation; second, BSP is a most useful prototype as in man results eventually in a steady state in substance for theoretical studies of bile formation which blood and bile concentrations, and usually and bile secretion, and knowledge of its actual the rate of biliary excretion of the dye, remain sites of deposition is essential if serious errors of constant (1). Bradley and co-workers have interpretation are to be avoided in this connection. pointed out that such a steady state can only be
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The preparation of S'5-labeled BSP (6) proachieved at infusion rates resulting in blood vides a tool which permits a direct approach to levels of BSP lower than a certain liminal value these questions. The present communication (20 mg. per L. in man [2] or 40 mg. per L. ac-deals with the application of S"5-labeled BSP to cording to other workers [3] ). The present au-the study of the distribution of BSP when adthors (4) have pointed out in a previous communi-ministered to dogs by continuous intravenous cation that during such steady state conditions, infusion.
the rate of biliary excretion of the dye is consistently below the rate of infusion, indicating that MATERIALS AND METHODS considerable amounts of sulfo-bromophthalein-soMongrel dogs under sodium pentobarbital anesthesia dium are being stored in the body. Thi-s is in ac-Were studied after cholecystectomy and preparation of cord with observations by Cantarow and Wirts common bile duct fistulac. When desired, liver injury (5) who showed that, following the administration was induced by means of CCIL administered by stomach of single doses of sulfo-bromophthalein-sodium, tube (0.5 cc. per Kg., 72 and again 24 hours before operadye excretion into bile lagged by a considerable tion). BSP' was administered intravenously by means of time behind the disappearance of most of a continuous infusion pump. For details of animal pftherody from the blood stream; they concluded selection and maintenance, of induction of liver injury of the dye from the blood stream; they concluded and surgery see (4) . that this period must represent storage of the dye.
S'-labeled BSP was prepared by sulfonation of tetra-
The actual sites of storage of this "lost BSP" bromphenolphthalein and purification of the product by could not be determined with certainty in either chromatography and recrystallization (6) . Coloritnetric of these investigations; indications were obtained analyses for BSP were undertaken in the cases of the Of these investigations; indications were obtained blood and bile samples only. The procedure employed, that a considerable amount of dye is retained in a modification of that described in (7), cf. also (8) (Figure lb ). Assuming such a linear relation, the standard deviation of individual points from the least square line is 10.7 per cent. Table 2 shows the recovery of known amounts of BSP added to different tissues and calculated from the actual count rates using the calibration curve of Figure 
A. Color and activnty relations in blood and bile
After a period of one to two hours of constant infusion of S85-labeled BSP, in all dogs blood levels of the dye were attained which varied by no more than ± 10 per cent with continued infusion at the same rate. In normal dogs, bile levels also had become steady (+ 8 per cent) at this time; in CCl4 treated dogs, three hours of constant infusion might be required before bile levels reach a plateau. Figure 2 shows representative experiments indicating the course of blood and bile BSP concentrations as calculated from S55 content, as well as the ratio of BSP-calculated from S35 content-to BSP determined colorimetrically. Relevant 
B. Retention of S85 BSP
In spite of the fact that the biliary concentration of S35 was greater than could be accounted for in terms of colorimetric BSP, the rate of S.5 excretion into bile was still found to be significantly below the rate of BSP-Ss" infusion in all experiments (Table 3 , last column). Urine formed during the infusion of BSP in these dogs contained either no detectable BSP (seven cases) or else contained small amounts of BSP (two cases), never in excess of 1.5 per cent of the total S35 infused. Thus, considerable amounts of BSP are being stored in the bodies of these animals even during the steady state phase. The ratio between BSP-S85 infused and BSP-SS5 excreted into bile approached more closely to 1.0 at the higher rates of infusion. Since, according to Bradley (2) The detailed distribution of extrahepatic BSP can be seen from Table 4 . Tissues showing relatively high concentrations of BSP compared to the plasma levels were: stomach and small intestine, pancreas, intercostal muscle, and especially kidney. The appearance of BSP in urine is sporadic; to date no way has been found of predicting the occurrence of urinary BSP. There does not appear to be any correlation with plasma levels nor with BSP-S35 concentrations in the kidney. The concentrations of BSP in the urine of those animals which did show urinary BSP were considerably higher than in blood plasma, thus indicating that under certain circumstances E. BSP-S85 distribution in CCI, treated dogs As indicated in Figure 2 , a steady state of blood and bile BSP concentrations was obtained more slowly in these animals than in the normals. BSP activity to color ratios in plasma and bile of these dogs did not differ significantly from those of normal dogs although the data of Table 3 suggest that a larger series might show that activity to color ratios in the bile of the CCI treated dogs may be slightly lower than in normal dogs. Liver injury was reflected most clearly in low excretion rates and high plasma BSP concentrations considering the infusion rates employed ( Table 3) .
As a result of the high proportion of BSP-Ss3 retained in these dogs, the rest carcass concentrations of S85 were several times as high in those as in normal dogs; the ratio of rest carcass SI" to plasma 55 concentrations was found normal in the case of one and slightly subnormal in the case of the second animal. Renal S35 concentrations were high but no more so than would be predicted as a result of the high plasma or rest carcass concentrations. Hepatic BSP-S85 concentrations, relative to the carcass were normal, or at worst slightly below normal. As a result of the low biliary excretion, however, there was a significant reduction below normal in the proportion of infused dye which could be recovered from liver and bile.
DISCUSSION
Transfer of acid dyes from blood to bile was conceived of by early investigators as a relatively simple process, involving secretory activity of the hepatic (or possibly the Kupffer) cells to effect the manifold concentration of these dyes in the bile. More recently this picture has been complicated somewhat by data indicating a temporal separation between disappearance of the dye from the blood stream and its reappearance in the bile (5). Finally, dye balance studies during continuous BSP infusion (4) Tables 4 and 5 .
Several aspects of the observed distribution of extrahepatic BSP are of theoretical interest: The high concentrations of BSP in tissues like kidney and upper gastrointestinal tract; the efficacy of the blood-brain barrier; the surprisingly high concentration of this virtually lipid insoluble dye in the fatty tissue; and the inferred low concentrations in the skeleton and skin. Particular interest attaches to the uptake of BSP by the skeletal muscles. From theoretical considerations (8) it would appear that the equilibrium concentration in this tissue should approximate closely that of the blood, or even exceed it. This, indeed, is the situation encountered with respiratory muscle and with cardiac muscle. The large skeletal muscles, on the other hand, show concentrations of BSP considerably below those coexisting in the blood plasma; thus, this tissue apparently has not reached equilibrium with the blood even after several hours of BSP infusion. By direct experiment it could be shown that this conclusion is correct, and that throughout the period of infusion the concentration of BSP in at least one of the great muscles increases continuously, presumably towards an equilibrium value not too different from that in the respiratory muscles. Because of its great relative mass, this tissue accounts for a large proportion of the entire extrahepatic BSP store; the slowness with which the muscle mass is saturated with BSP leads one to predict that elimination of the uptake of BSP by this tissue cannot be achieved by an initial booster dose. BSP uptake by the large muscles thus remains at a significant level throughout the course of an infusion experiment, and constitutes the major extrahepatic sink for BSP.
Carbon tetrachloride poisoning does not greatly alter the distribution of retained BSP between liver and rest carcass. This would have been predicted from experiments with BSP uptake by liver slices in vitro (8) , as well as from histological observations in uivo based on the related dye rose bengal (12) . Apparently, the ability of the liver to store and to concentrate BSP and related dyes is unaffected by CCi% injury. Finally, one may briefly consider the effect of the anesthesia and biliary tract surgery involved in the present experiments upon the results obtained. Both conditions have been claimed to affect BSP clearance after single injections; however, it was found in constant infusion experiments (4) that laparotomy (including preparation of a bile fistula as employed in the present series) did not result in blood BSP levels differing from those of dogs merely anesthetized, but receiving BSP at the same infusion rate.
In the isolated rat liver it has been shown (13) that Nembutal® does not directly interfere with either bile formation or BSP clearance. An indirect effect, mediated in the intact animal via changes in hepatic blood flow, is possible. Such an effect, however, would not alter the validity of the essential conclusions derived from the present experiments. Even if such an effect obtained, the result would be to render the conclusions derived from the study of "normal" dogs in the present series unduly conservative-the hepatic contribution to BSP extraction might actually be larger in the unanesthetized animal. In the presence of a functionally impaired liver, on the other hand, regardless of whether this is due to CCl treatment alone, or compounded by anesthesia and surgery, the present data show that extrahepatic BSP uptake may become important.
CONCLUSIONS
The application of S85-labeled sulfo-bromophthalein-sodium in the present report has provided definite evidence for the occurrence of chemical changes in the molecule of this dye, associated with the process of excretion into bile. Whether these reactions are an integral part of the mechanism of dye excretion by the liver or whether, like dye storage in the hepatic cells, they are only an incidental accompaniment of such excretion, remains to be established by future investigations. With regard to the distribution of infused BSP, the present results in anesthetized, acute bile fistula dogs confirm previous impressions regarding the otherwise normal dog. Hepatic BSP uptake accounts for a very large proportion of administered dye and errors in calculations based on the assumption that all of the BSP leaves the circulation on passage through the liver are relatively small. At the same time, findings of continued uptake of BSP by skeletal muscle point to this tissue as the major site of sustained extrahepatic dye extraction.
In dogs with toxic hepatitis the present findings allow a clearer formulation of ideas previously expressed concerning errors of quantitative interpretation caused by neglect of extrahepatic BSP uptake. It has been shown that the reduction in the hepatic BSP extraction is accounted for almost entirely in terms of decreased BSP excretion; if infusion conditions allowing BSP excretion to keep pace with BSP infusion could be attained in the face of parenchymal injury these should yield results comparable in reliability to those in the normal dog.
Finally, the present results clarify the nature of the so-called lost BSP observed previously in experiments confined to colorimetric assay alone.
